OBJECTIVE: To evaluate the in¯uence of body fat and food intake on serum leptin concentration. DESIGN: Longitudinal study of a group of obese patients prior to and at, long term follow-up, after biliopancreatic diversion (BPD), when body weight was steadily reduced and food consumption was similar to or greater than preoperatively. RESULTS: In obese patients, very high serum leptin concentrations were found. Following the operation, with the body weight stable and normalized, a sharp fall of serum leptin concentration had occurred, with values returned to normal range. CONCLUSION: The changes in serum leptin concentration observed in the long term after weight loss are substantially accounted for by the loss of body fat and appear unrelated to the reduction of oral food intake.
Introduction
Several studies have demonstrated a strong correlation between serum leptin concentration and body weight, body fat, and body mass index (BMI, which is regarded as an index of adiposity). 1, 2 Hence, it has been postulated that leptin might work as a hormonal signal, which relates the body fat stores to the hunger and satiety centres in the hypothalamus, inducing food consumption or food restriction according to the actual body fat content, and contributing to the body weight regulation. 2 ± 4 In obese patients, serum leptin concentrations are higher than those observed in lean healthy people and weight loss, due to a reducing diet, is associated with a decrease of serum leptin concentration. 5 ± 7 In individuals who have regained weight, a rise towards the initial leptin values was observed. 5,8 ± 10 From these data, the question arises whether the changes in leptin levels are due to the decrease of food intake or the resulting reduction of body weight, or both.
Due to the permanent and selective malabsorption of energy-rich substrates such as fat and starches, obese subjects having undergone biliopancreatic diversion (BPD), succeed in obtaining a highly satisfactory weight loss and in maintaining reduced body weight in the long run regardless of food consumption.
11 Therefore, they represent a very good model for investigating the true action of weight reduction on serum leptin concentration, avoiding any confounding effect due to the decrease of the oral energy intake.
Material and methods
This study was carried out on 40 (six male) subjects having undergone BPD, with a mean age of 34 y (range, 18±54 y). Body weight (BW, kg) and body mass index (BMI, kg/m 2 ) values prior to operation and at the second postoperative year are listed in Table 1 . Preoperatively, the serum glucose concentration for eight patients was slightly higher than normal (6.7±8.3 mmol/l); however, no patient was taking insulin or oral antidiabetic medication. Following the operation, the patients ate ad libitum and any imposed restriction on food intake was abandoned. The appetite and customary food intake was evaluated by dietary interview and compared to the one obtained prior to BPD. After the regression of the transient postoperative postcibal syndrome, the appetite was fully restored; 5±7 months after the operation, all BPD patients take large meals without any limitation and generally report that their customary food intake is greater than the preoperative one. All subjects in this study had normalized their BW within the ®rst postoperative year and afterwards they succeeded in maintaining a normal or fairly normal BW in the long term, regardless of food intake ( Table 1 ). Since the BW of all the BPD subjects was stable for at least one year, it is reasonable that at the second sample for leptin determination they were in energy balance. Within the ®rst postoperative year, two patients developed protein malnutrition at the second postoperative year follow-up visit, however, all patients had normal nutritional status. Venous blood samples for serum leptin determination were drawn prior to the operation and on the occasion of the second-year regular followup visit, when the subjects had maintained a stable BW for at least one year. Samples were collected after an overnight fast and stored at 780 (8±40 months) until assay. Preoperative and postoperative serum leptin concentration was measured in duplicate by radioimmunoassay (RIA) using the Human Leptin RIA kit (DRG, Diagnostica, Harburg, Germany) at the same time and expressed as ng/ml. 12 Forty individuals, matched to the BPD subjects for gender, age and BW at the second postoperative year, served as controls.
The differences between means were evaluated by the U-Mann-Whitney test for longitudinal and crosssectional comparisons, and the relationships between variables by the Spearman's rank correlation.
Results
After the operation, BW in all subjects was reduced and stabilized at the normal or nearly normal level (Table 1) . Prior to BPD, the values of serum leptin concentration were far higher than those of controls (P`0.0001). In the second postoperative year, a sharp and highly signi®cant (P`0.0001) reduction of serum leptin concentration was observed, the values having become similar to those observed in the controls. Before BPD, the values of serum leptin concentration were completely unrelated to those of BMI (r 0.22, 95% con®dence interval from 70.39 to 0.55, P ns). On the contrary, the serum leptin concentration was positively associated to the BMI values both following the operation (r 0.59, 95% con®dence interval from 0.33 to 0.76, P`0.0001) and in the controls (r 0.65, 95% con®dence interval from 0.33 to 0.76, P`0.002).
Discussion
This study shows that in severely obese patients, weight loss is associated with a reduction in the serum leptin concentration and con®rms that in formerly obese subjects, the maintenance of a reduced BW corresponds to the achievement of a substantially normal serum leptin level, in spite of very high initial values.
In the BPD subjects, the condition created by the operation allows only a small degree of intestinal absorption of fat and starches, whilst a suf®cient amount of protein is absorbed. 11 Thus, the individual BW is no longer dependent on food intake per se, but is substantially determined by intestinal absorption. Therefore, the formerly obese subjects maintain a normal or nearly normal body weight after the operation, despite having a usual oral food intake similar to, or even greater than their preoperative one, when they were severely overweight. Hence, it can be supposed that the serum leptin concentration fall is not due to a reduction of the usual oral food consumption, but its reduction is substantially accounted for by the decrease in body fat.
Furthermore, this study indicates that the high leptin level of the obese patients can actually be lowered by an adequate weight loss and maintenance programme. Therefore, it can be suggested that a higher than normal serum leptin level, represents a consequence and not a cause, of obesity and the conjectural resistance to leptin due to functionally altered hypothalamic leptin receptor 2, 12, 13, 14 can be reversed by the body weight stable normalization.
The lack of correlation between serum leptin concentration and BW and BMI found in this study suggests that in the severely obese patients an impaired regulation mechanism might be present. At the stable body weight reduction, the serum leptin concentration became positively associated with BMI, as it has been observed in lean or in moderately obese 1,2 individuals and control subjects of this study. Therefore, it could be hypothesized that the weight loss by itself reverses the still unknown mechanism responsible for the loss of association between serum leptin concentration and adiposity in obese patients. Leptin following biliopancreatic diversion GF Adami et al
